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1-Introduction
The problem of the long waves in an elliptic lake with a paraboloidal law of depth was solved in a previous paper.* It appeared that the solutions could be expressed in terms of certain algebraic polynomials, from whose general properties the character of the motions could be readily derived. The subject of the present paper is the more im portant problem of the same basin subjected to rotation. The analogous problem of a rotating elliptic lake of uniform depth has been solved by Goldsteinf who used infinite series of elliptic cylinder functions. The law of depth used in the present paper, however, enables the solutions to be expressed in terms of finite sets of polynomials. The earlier modes can be completely determined without recourse to long arithmetical calcula tions, and the interpretation of the analysis is easier.
In the course of the work many properties of the polynomials are investigated.
2-The Equations for Wave Motion in a Rotating Elliptic Basin
The appropriate elliptic coordinates are obtained by the transformation x = c cosh S cos 7), y = cs inh £ sin rj.
Let the law of depth for the basin be h = h0 {a -cosh2 g) where a = cosh2 S0 and £ £0.
The lake then has an elliptic contour defined by £ £0, the axes being 2c cosh £0, 2c sinh £0, and the bed is an elliptic paraboloid. The boundary condition requires that C is finite when H , = £0. Consider an analogous equation*
The variables are separable by taking £ = M (£) N ( tj), where
k being an undetermined constant. Take k = 4a (a -1), k2 = 4cr (a -1) {a -and equations (4) reduce tõ
*1, p. 159.
On putting cosh2 £ = v, the first of equations (5) becomes
The substitution cos2 ?) = g in the second of equations (5) reduces that equation to the same form as (6).
The equation (6) has four types of solution appropriate to the problem in hand. These may be expressed in terms of the solution F (a, q; a, [3; px, p 2, p 3; z) of the standard equ djw dw / w , + l_^P j + «P (* -0 X' 0. (7)
Type I : K = F (a, q; c, 1 -a ; 0; z) = F x (z).
Type IV: N = z* (z -l)i F (a, q \a + 1, 2 -a ; -i ,
Each of the functions K, L, M, N satisfies the conditions of the problem when the corresponding F is a polynomial. This occurs for certain p ar ticular values of a.
The functions are made definite by putting the term independent of z in F unity. In the cases of types III and IV when 0 < z < 1, the solutions will be taken as M = (1 -z)* F 3 (z), N = z* (1 -z)l F 4 (z).
The following results are summarized, partly from the previous paper :-
Solutions, for a -m,an integer,
The recurrence formula for the coefficients in K (z), = 2 cnzn, is cn+i u (n + 1) (n + i) + cn {(7 (c 1)
where
The recurrence formula for the coefficients in F 2(z), = 2 cnzn, is 
The recurrence formula for the coefficients of F3 (z), = 2 c nz , is 
The recurrence formula for the coefficients in F 4 (z), = 2c"zn, is
From equation (10) it is evident that F 4 (z) is a polynomial when a = an integer m. We have then characteristic solutions each associated with a corresponding characteristic value of q* Since the characteristic q satisfies an algebraic equation of degree m, there is a set of m linearly distinct characteristic solutions each associated with a distinct character istic q. For the integer m, the polynomial F 4 is of order -1). It • is known that the characteristics q are all real, and that each polynomial of order (m -1) has (m -1) real zeros lying between 0 and > 1.
The function F 4 becomes a polynomial in a similar manner when <7 = an integer m. For this integer m the set contains only 1) characteristic solutions, and the order of each is (m -2).
The functions F 2 and F 3 become polynomials when = + m being integral. The number of characteristic solutions in each set is m, and each is of order (m -1). (3) In the limiting case when a = 1, the subsidiary equ very simple form. On putting a = 1 1, it
3-Further Properties of the Solutions of Equation
On forming the solution corresponding to type I, by putting we find w = y c 2 y n,
For a an integer m, the series will be finite whenever + (r = 1, 2, ...
The fact that the characteristic qm(r) can be written down explicitly in the limiting case is useful as a check upon the solutions for the more general problem. The corresponding solutions and characteristics for the other types may be determined in the same way.
The solutions of equation (3) 
Jo Jo provided Z, Z ' are of the same type.
4-The Rotational Terms
The difference between the equation governing the rotational problem and the non-rotational problem lies mainly in the term (ii) Let
The expression in curled brackets is seen to be divisible by (v -(x). It will now be shown that when £ is of the first type corresponding to E an assigned value of cr, the function-------can be expressed as the sum of v -(X the set of functions of the fourth type corresponding to the same value of cr, with appropriate numerical coefficients. c 2
bearing in mind that the functions K satisfy equation (9). Then by direct differentiation and reduction by means of (9) we find that
Similarly, 
Whence, by subtraction of (34) and (35), Since any solution of (36) for a given value of a can be expressed in terms of the fundamental solutions corresponding to <y, we have
.., a -1), the t{ n ) being undetermined constants.
Hence for appropriate values of the constants e, and for each r of the set of functions
jt* (1 -[x)i v* (v -l)i {(a -v) (fx) K / ' (v) -(a -e x ) K W ( e x ) (v)} ( v -[x)--1 = S «r<">W> ((x) N < r(w ) (v).
n (n = 1, 2, 3.....
. < r -1). (37)
The coefficients e can be determined by use of the integral (29). For we have
In the same way it can be shown that if N ,(r) (jx) is any member of order a of the functions of type IV,
( 1 -^) 4 v 4 ( v -l ) i | ( a -v ) A -(a-N <r(r) (g) N a(r) (v) -f-(v -jx ) = S e r(M ) K a(n) (jx) K < T (n) ( v), (h = 1, 2, 3, o). (39) n
The coefficients 6 can be determined by integration as in (38). Likewise,
|jd (1 -(x)4 v4 (v -l)4 |(fl -v)
- ( 
n The types of solution are therefore linked together in p a irs: I and IV, II and III, such that the operator
F (1 -n)* (v -1)J |( « -v) -(a -(x) Jj-j ,
acting on a member of I of a given order transforms it into the sum of members of the set of IV of the same order with appropriate coefficients, and conversely; and the same operator acting upon a member of II of a given order transforms it into the sum of the members of the set of the same order in III with appropriate coefficients, and conversely.
5-The General Solution of the Problem
The equation which governs the motion in the case of rotation is (2) which may be written
Consider a solution made up of all the members of each set of types I and IV which are of order a -m,an integer. That is, let m-1
! = 2 A . KJ"> (n) Km<*' (v) + 2 B" N m <n) (n) N"<»> (v). (43)
n -1 # n -1
On substituting in (42) and making use of (37) and (39) (1) " , " x wl~1 
The period equation is a determinant similar to (46) o f the order 6m, giving 3m types o f motion only.
6-The M otions of Lowest Period
As examples, certain types of motion o f low period will be completely worked out. In these cases an alternative method to that o f the last section will be used because o f its simplicity, and because it affords a verification to some extent o f the general method.
(i) The simplest case is that o f the first member o f each o f types II and in. (42) gives
On reducing and equating to zero the coefficients of [x4v4 and (1 -|x)4 (v -1)4 we have
The period equation is then p y « + /4{ -2^ + p ( i -fl)}+ /i{p*+ P(a_ i) + ia ( a _ 1)}
. . .
-\a (a -1) = 0 ; or, dropping the extraneous fa c to r /2 -1, with P2 / 4 ~P {^ + P (a £)} + \a -1) = 0,
Befoie reducing this result to numbers it is interesting to compare it with Lamb s solution for the analogous circular basin.
Taking the circular basin of radius r0 as the limiting case of the elliptical basin for large £0, we have r0 -\ce^; a = ^e2^°.
Since a is now large, equation (51) By direct differentiation
The last term can readily be reduced to the sum of two terms of type I and order one.
Let
The three equations (53) determining the two coefficients P, Q, are readily seen to be consistent since ql9 q2 satisfy the quadratic 4 q2 ~ 2q (a + f) + which follows from the relation (10). Hence
On substituting the assumed value o f K given by (53), using (55), and dropping the non-zero factor v -(x, we have 2 .1 ( ?' -f l ) N 1(1)(ix)N 1(1) (v) + 2^T ( a * 2 i (l -4 q j + B -(1 -4 q , 
gh" 
